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For the properties enzymes silkworm have yet only few 
reports, intended study the properties enzymes various organs 
silkworm. first the enzymes the intestine has been studied. 
the present paper some properties amylase the middle intestine are 
described. 


Preparation Enzyme. The intestinal tube from 1000 matured silk- 
worms has been collected dissolution, and washed thoroughly distilled 
water. The organ then ground ordinary mortar with sands. 
The mass then treated with acetone, acetone-ether and lastly with ether, 
then spread out filter paper the air for minutes evaporate the 
ether. The preparation dried vacuo over sulphuric acid, powdered and 
preserved. 

The active enzyme obtained extraction the powder with water, 
glycerin solution buffer solution (for example glycocoll-NaCl-NaOH 
mixture From extracted solution the enzyme have been pre- 
cipitated with acetone alcohol, the precipitate washed with absolute 
then with ether and lastly dried vacuo over sulphuric acid. 
For the further purification the resulting precipitate redissolved water 
and absorbing the amylase with kaolin (at Py=9.62). Absorbed amylase 
can washed out with ammonium-phosphate mixture solution. 
then diluted with water and the phosphate precipitated with magnesium 
mixture and again precipitated. 

The amylase which obtained this way has the activity (saccharifying 


25°C 
action) 1500, per gram wohlgemuth unit. 


Optimal Temperature. The velocity the amylase reaction acce- 
lerated the temperature raised until 60°C. further elevation the 
temperature the reaction velocity begins diminish until cease completely 
(80°C). 

generally believed that each enzyme has optimal temperature 
characteristic This optimum is, however, greatly influenced 
its concentration, the nature and concentration substrate upon which 
the enzyme acts, the reaction medium, and the period action, 

the case this amylase, the optimal temperature observed are 
follows, the value being 9.6. 
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Optimal Temp. Period action 


55-60°C. hours less 
55°C. hours 

hours 

hours 


Reaction velocity, temperature coefficient and temperature constant are 
shown Table and Fig. 


Table 


The rate saccharifying soluble starch amylase 
various temperature 


Temperature constant 

| 


Velocity 


Sugar produced (mg.) 


(hour) 
80°C. 


0.00150 


0.00217 
0.00151 


0.00117 


0.00060 


0.00030 


160 


Studies the Enzymes Silkworm 


Suger produced ( mg.) 


24 Time (hour) 


Fig. 


Optimal Hydrogen Ion Concentration for the Amylase Action. Most 
enzymes are greatly influenced the concentration hydrogen ion the 
medium which they act. That is, there optimal hydrogen ion con- 
centration for the action each enzyme. 

The intestinal amylase silkworm has optimal hydrogen ion con- 
centration Py=9.4 This result has been obtained comparing 
the activity various values Py, other conditions being held constant, and 
lower temperature 30°C., avoid the destruction the enzyme. 
The activity has been measured determining the reducing action the 
decomposed starch, e.g. with respect Fehling’s solution according 
Bertrand. The results experiments for the optimal are follows. 
(Table Fig. 2). 


Table 


Milli-grams sugar produced the action amylase various values 
(Period action=10 hours) 


12.9 
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Thus, the optimum 
the amylase lies between 
The optimal 
for enzyme action often 
depend upon the type 
buffer solution used, the 
several types buffers, have 
been examined, for example, 
phosphate mixture, glycocoll- 
NaOH mixture and ammo- 
nium mixture, and 
was observed that the 
optimum for this amylase 
independent the nature 
buffer solution used. 


Isoelectric Point the 
Amylase. Amphoteric sub- 
stances, such proteins, which most enzymes are probably related, 
are charged positively negatively depending upon the ion with which 
they are combined upon the reaction the solution which they are 


Relative Activity 


Fig. 


suspended. These colloid particles travel toward the pole opposite sign 
that the charge. 


the case this amylase, observed 
the enzyme travel toward the negative 
pole alkaline solution and toward the posi- 
tive pole acid reaction, and neither negative 
nor positive pole about 

The apparatus for this experiment shown 
Fig. The middle part (50 shaped 
tube filled the enzyme solution (A). After 
closing the cocks and each limbs U-tube 
filled with distilled water. When 
the water has settled, the cocks and 
are slowly opened and connect the electrodes 
with the circuit 100 volt direct current. 
The whole apparatus should kept free 
from shaking possible. hour, 
the cocks and are closed and the solu- 
tions Band are drawn out the cocks 
and D’, and determined the acti- 
vity each solution. 
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Table shows the number milli-grams sugar produced the 
starch solution 40°C. (Py=9.7 for hours). The enzymatic power 
the original enzyme solution (A) under the same condition. 

From the result the observa- 


tion one can conclude that the amy- Table 
lase positively charged alka- Cataphoresis amylase. 
line reaction, and negatively charged 


Positive 


acid reaction, and its isoelectric pole pole 

absorbed infusorial earth, and 3.9 4.0 


not kaolin acid solution (Py 
less than 5.7), and absorbed both kaolin and infusorial earth 
Py=5.7. This result coincide with the observation cataphoresis. 


Summary. 


The optimal temperatures for the action amylase obtained from 
the middle intestine silkworm have been determined. 

The optimal hydrogen ion concentration for the amylase action has 

The amylase charges positively alkaline reaction, and negatively 
acid reaction, the isoelectric point being about Py=5.7. 

Kanazawa Medical University, 
Kanazawa. 


NOTE ANOMALOUS DISPERSION AND ABSORPTION 
ELECTRIC WAVES. 


San-ichiro MIZUSHIMA 
Received April 21, 1930. Published May 28, 1930. 


The writer has published several this journal anomalous 
dispersion and absorption electric waves for the wave-lengths between 
50m. and comparing his results with the dipole theory, the writer 


(1) Mizushima, this Bulletin, (1926), 47, 83, 115, 143 and 163. 
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164 Mizushima. 
referred older paper” Debye which only the plane motion 
molecule considered, and compared simply with (e: dielectric constant; 

refractive index). may not out place notice that quite recently 
supplemented his former results with the data which obtained for 
still shorter wave-length This time the writer used the following 
formula derived recent paper® Debye: 


which the dielectric constant measured for the frequency the 


static dielectric constant, the optical dielectric constant, the viscosity, 
the molecular radius, Boltzmann’s constant, and the absolute tempera- 
ture. The results obtained for monovalent 
were good agreement with the above formula; i.e. 
the molecular radii calculated from the experimental values and were 
found have reasonable values. The results with glycerine, however, are 
not accordance with the theory. The discrepancy would accounted 
for, glycerine colloidally dispersed system that the effective 
viscosity acting against the rotation molecule quite different from the 
viscosity the liquid bulk, 


the recent book Prof. Debye Molecules,’’ only 
former papers are quoted. this book, Prof. Debye not only 
the data just had done new paper, but also gave further valuable 
explanations them. 


Leipzig, Germany. 


(1) Debye, Verh. Deut. Phys. Gesel., (1913), 777. 

(2) Mizushima, Scientific Papers the Institute Physical and Chemical Research, 
Tokyo, (1928), 209. 

(3) Debye, Handbuch der VI, (1925). 
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SINOMENINE AND DISINOMENINE. PART XVI. 
ISOBROMO-SINOMENINE (OR BROMO-SINOMENEINE). 


Kakuji GOTO and Taro NAMBO. 


Received April 22, 1930. Published May 28, 1930. 


Isobromo-sinomenine always produced minor, but varying quan- 
tities when sinomenine hydrochloride brominated glacial acid. 
The properties the chief product, bromo-sinomenine, had been greatly 
elucidated the studies, published the former three papers.” This 
communication deals with the formation and the transformation 
isobromo-sinomenine. 

The properties bromo-sinomenine and isobromo-sinomenine was con- 
trasted the Table the 13th communication this study. The most 
striking differences are, for convenience’s sake, here again pointed out. 


Bromo-sinomenine Isobromo-sinomenine 


Specific rotation 
reaction Strong with sinomenine Very weak 
reaction Strong with sinomenine 
derived from them 227°C. 197°C. 


The research had been made first the following two assumptions, 


which were, however, quickly given the reasons annexed 
them. 


Bromo-sinomenine might have been hydrated its double linking 
the action hydrobromic acid gas generated the process bromina- 
tion. Isobromo-sinomenine might be, therefore, bromo-sinomenine 
But, this assumption collided with the fact that isobromo-sinomeninone, 
derived from isobromo-sinomenine, was ,quite different 
sinomeninone produced from bromo-sinomenine. 

might acetylated bromo-sinomenine, the 
acetylation being effected the catalysis acid gas the 


(1930), 73; Goto and Inaba, ibid., (1930), 93. 
(2) Compare sinomenine hydrate, this Bulletin, (1929), 271. 
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glacial acetic acid. The elementary composition isobromo-sinomenine 
resp. isobromo-sinomeninone and supposed acetylated bromo-sinomenine 
resp. bromo-sinomeninone very similar, and the elemental analysis alone 
could not decide this problem. 

Yet, with all effort could not prove the acetyl radical the 
hydrolysis, the attempted transformation bromo-sinomenine its ketone 
into isobromo-sinomenine its ketone and the transformation vice versa 
could not realised. Moreover, the fact that the bromination sinomenine 
propionic acid (Kahlbaum) afforded also isobromo-sinomenine last 
decided the case the negative sense. 

Then came suspect the oxidative action bromine. the 
course bromination, always notice the formation red syruppy 
substance, which dissolved later and whose quantity increased according 
the velocity the addition bromine. this syruppy substance 
perbromide brominated sinomenine, then the sinomenine molecule will 
oxidised, when the perbromide decomposed. This supposition agrees 
well with the elemental analysis isobromo-sinomenine and its ketone. 
isobromo-sinomenine contains two atoms hydrogen less than bromo- 
sinomenine, wonder that isobromo-sinomeninone totally different 
from ordinary bromo-sinomeninone. 

Hereupon, sinomenine was brominated with mol. bromine and the 
isobromo-sinomenine was obtained 40% yield three experiments. 
seen from the example nicotine sinomenine perbromide 
has probably the formula BrH. Bre, and the number 
hydrogen atoms taken away the decomposition this perbromide would 
two. 

From these facts and arguments, the names isobromo-sinomenine and 
isobromo-sinomeninone would inappropriate, and the authors wish 
replace them bromo-sinomeneine and bromo-sinomeneine But 
the points, from which these two atoms hydrogen were taken away, can 
not decided present. 

When the brominating mixture (bromine atoms) was left stand 
long time, bromo-sinomenine disappears slowly and bromo-sinomeninone 
appears its place. Thus from the mixture left stand for weak, bromo- 
sinomeninone was isolated 40% yield. Thus, the hydrobromic acid gas 
generated glacial acetic acid, the concentration 1/2~1/3 normality, 
could effect the hydrolysis the enolic sinomenine ordinary 


(1) Pinner, Ber., (1893), 292; Freund, Ber., (1906), 847. 
(2) The name bromo-dehydro-sinomenine would preferable, but the name dehydro-sino- 
menine was given the other substance. 
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temperature. Sinomenine hydrochloride was also transformed into its 
hydrate the same treatment, the necessary hydrochloric acid gas being 
liberated from chloride. 


Experimental. 


Bromo-sinomenine. Sinomenine hydrochloride (10 gr.), dissolved 
glacial acetic acid (50 slowly added with bromine gr.; mol.) 
glacial acetic acid solution (25 c.c.) 15°C. When the precipitate the 
perbromide was dissappeared, the bases are isolated the ordinary way. 

The yield the bromo-sinomenine (m.p. 153°) 80% and that isobromo- 
sinomenine varies 2~20%. 


Anal. bromosinomenine. Found: 56.09; H=5.71, 5.71; N=3.27; Br=19.91; 
requires C=55.82; H=5.39; N=3.52; 

Mol. wt. Found (in glacial acetic acid) 425, 443. 

Hydrochloride (with m.p. 116°. (Solubility water 

Hydrobromide m.p. 232° (from alcohol). Solubility water 0.632%. 

The both show beautiful silky lustre, when suspended water. 

Oxime: 211° 168°) Found: Cale. for 


m.p. 80°. Found: 30.12, 31.46%. These ex- 
tremely high values iodine perhaps show the mobility bromine atom against 
the ordinary temperature. 


Isobromo-sinomenine (or Bromo-sinomeneine). Bromination effect- 
the same way above, only mols. bromine being used. Yield 
about 40%. The recrystallisable long prisms from 100 parts 
boiling M.p. 217°. 


Anal. Found: 55.97, 55.94; 4.91, N=3.57; Br=19.30, 18.73; 
BrNO,=408 requires C=56.16; H=4.92; N=3.45; Br=19.71; 
CH,0 —=15.27%. 
Mol. wt. Found (in glacial acetic acid) 406, 414, 
m.p. 231° (dec.) Solubility water 2.96%. 
Hydrobromide m.p. 229°. Solubility 0.84%. 
Oxime: m.p. 162°; hydrochloride m.p.>280°, softening 236°. Found: 
requires 
m.p. 211-212°. Found: Cale.: 


Goto and Nambo. 


Isobromo-sinomeninone (or Bromo-sinomeneine Ketone). Prepared 
hour. Fine needles, melting 198°. Very soluble alcohol, but 
recrystallisable from chloroform. 

Anal. Found: 54.88, H=4.98, 5.18, 4.94; N=3.27; Br=20.68; 
=7.93, 8.03%. requires C=55.01; H=4.59; N=3.55; 
7.87%. 

Dioxime: m.p. 173.5° (dec.); hydrochloride, m.p. 212°, softening 208°. Found: 
N=9.12%. Br. requires 

m.p. 195° (dec.), softening 190°. Found: Cale.: 23.699. 


Bromo-sinomeninone. Brominating mixture was described with 
bromo-sinomenine was left stand for some weeks, from which several 
intervals brominated bases were isolated. The chief product was bromo- 
sinomeninone, melting 227°. The yield was tolerably good, when the 
isolation was carried out after one week’s standing. 

Anal. Found: C=55.19, Br=20.24, for 

Oxime m.p. N=9.47%. N=9.90%. 

Iodomethylate m.p. 246° (mixed m.p. with that prepared ordinary way 245°). 


These results show clearly that bromo-sinomenine transformed into 
bromo-sinomeninone the brominating mixture. Moreover, the bromo- 
sinomenine itself was transformed into the bromo-sinomeninone glacial 
acetic acid ordinary temperature the hydrobromic acid the con- 
centration was attained the bromination. 


Sinomenine Hydrate. From the following mixtures, which were pre- 
pared imitate the contents hydrobromic acid gas the brominating 
mixture, sinomenine hydrate was isolated the annexed yield. 

When the mixture was composed sinomenine (free) gr., glacial 
acetic acid hydrobromic acid (48%) and acetic anhydride (to 
destroy water) the yield sinomenine hydrate was: 4.5% after 
hours, 15% after hours and 45% after weeks. 

When the hydrobromic acid was replaced (sino- 
menine hydrochloride gr., glacial acetic acid 100 acetyl anhydride 
and acetyl chloride 7.8 gr.), the yield sinomenine hydrate was 
10% after hours, but much better after weeks. 

The sinomenine hydrate was identified the following properties. 

M.p. 157° (twice recrystallised from ethy] 


(1) When sinomenine hydrate was isolated from the HCl, melts generally 138° 
thereabout. Recrystallisation elevates the melting point slowly and 157° the most 
reliable, though may not the highest. 
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Anal. Found: C=65.68; H=7.29; CH;0—=17.72%. Cale. for 

Iodomethylate: Melting and decomposing into yellow bubbles 192-195°. (The dec. 
point 264° formerly given was regretfully based some accidental error. The new dec. 
point 192-195° was checked three different preparations, obtained from different lots 
sinomenine hydrate). Found: 


Department Chemoterapy, 
Kitasato Institute, Tokyo. 


RESEARCHES CHEMICAL CHANGES UNDER STRONG 
FIELD. 


Takeo AONO. 
Received April 22, Published May 28, 1930. 


Introduction. Many reports the studies the chemical changes and 
equilibria between different gasses due high tension electric discharges 
such silent-, brush-, point-, spark-, and are discharge, etc. are found 
every periodical that part. But those studies between gases and liquids 
are rare, and the results are divergent. this experiment new method 
was devised apply extremely strong electric field the reacting sub- 


stances both safely and efficiently. 


Principles and Methods. When small gas bubble (dielectric constant 
was placed dielectric liquid, which under the action uniform 
electric force the force the bubble given the equation 


general that therefore the force acting the gas bubble 
stronger than that the surrounding dielectric liquid, or, when certain 
electric potential applied between the electrodes, the force acting 
the gas bubble must stronger than that when the whole dielectric 
gas. the dielectric strength liquid generally stronger than that 
without causing any breaking down the materials. 

Now, let the distance between the two parallel electrodes the 
potential difference the electrodes and the space filled with gas 
then the electric displacement 


and the electric force 


as 


€a L 


Divide the space between the two electrodes into several layers (a, 
thickness and fill the each layer with different dielectric 
material dielectric constant ea, etc. respectively, then the force 
(a) becomes 


Comparing and have 


This indicates that, selecting proper materials, the force special 
layer (here gas) ableto make stronger than usual. also able 
increase the electric strength the layer this way, and can safely 
raise the applied voltage higher value than usual. 

this experiment, several reaction vessels were devised, but the con- 
centric cylindrical tubes, consisting layers glass wall and dielectric 
liquids, showed the most convenient for the purpose. The innermost 
tube and outermost glass vessel, containing electrolyte solution, play the réle 
the electrodes. The reaction vessel made four concentric tubes 
and The innermost tube containing electrolyte solution, 
used the inner electrode. The second tube surrounding gives 
passage the reacting gases. The third tube surrounding contains 
the reacting liquids through which the reacting gas bubbled up. The 
outermost protective tube contains dielectric liquids such liquid 
nitrobenzene some oils. The cylinder placed water, 
which the outer electrode put. 

there are liquids and D-tube this apparatus, the corona 
discharge will occur only when the electric force (in KV.) the surface 
reaches the following value 


E=30+ 


this experiment the applied voltage was 40-60 KV. and the reaction 
tubes were made proper sizes produce corona discharge which 
activates the reacting gas it. When the corona sets in, the value 
that part becomes very great and the whole voltage distributes mainly 


Be 
V 
> | 
ay 
a 


Researches Chemical Changes under Strong Electric Field. 171 


between and evident that the distribution the force inversely 

The gas, formerly activated this way, then comes into and mixes 
with the liquid it. Here the gas, being still acted the strong electric 


and readily reacts with the surrounding liquid. When observed the 
dark, every particle has pale light and some them are scintillating. This 
dispersion the gas will partly due the heterogeneous distribution 


liquid film enclosing the gas bubbles. The dispersion the gas bubbles 
will also affected the dielectric constant, viscosity and temperature 
the dielectrics. this experiment was observed the cases un- 
saturated oils, and not the cases nitrobenzene and acetic acid. 


The cases studied this experiment are: 


Experimental Results. 


reduction nitrobenzene, methylene blue and benzaldehyde, 
hydrogenation oleic acid, silkworm pupa oil, cod-liver oil, fish oil, 
soy-bean oil and olive oil with hydrogen, 


chlorination acetic acid with chlorine, 

reaction nitrogen and hydrogen ammonia oleic acid, 

also the effect temperature and that the presence metallic 
powder (catalyser) the hydrogenation oils. 

The results are summarized Table The products were chemically 
tested some cases (iodine value and solubilities, etc.), and physically 


was calculated measuring the change iodine value. The index 
refraction was also measured most cases. From these results 
will not too much say that this not only new method hydrogena- 
tion and ozonization some organic dielectrics, but also new method 
ammonia synthesis electric discharge. The effect temperature eleva- 
tion addition metallic powders such Cu, Al, (till 100°C.) not 
eminent this method, but the presence reduced somewhat 
effective, especially when the temperature was elevated 
These effects were studied cases hydrogenation oils, but the details 
will omitted here. 

The following interest phenomenon has, however, mentioned, 
which was observed when the electric force was applied the reacting 
system oil and hydrogen the tube with the metallic catalyser 
powder. The metallic powders arrange themselves under the electric 


force, which very irregular becomes very fine particles some cases 


the electric force and partly due the change surface tension the 


ozonisation oleic acid and olive oil with oxygen, 


other cases (refractive indices, microscopic study, The rate reduction 
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field along the wall the glass cylinder beautiful figures very much like 
the common cypress leaves. the case powder, the figure was quite 
different, ring scintillating zone powder was observed the upper 
part the reaction tube. The width the zone was seemed grow 
inversely with the elevation applied voltage. The appearance, growth 
and extinction these dust figures are very interesting, and will give 
some suggestion experimental crystal-physics. 


Table 


Nitrobenzene Change colour, for- 
and cryst. matter, pale 
yellow rhombic needle 


Methylene blue appreciable change 

(chloroform) 

Benzaldehyde Change was not deter- 
mined 


formation 
white turbidity 


parent solid 


| | | ppts. 


Oleic acid 1.46510 Formation ozonide, in-| 
crease viscosity and 
odour 
Olive oil Ozonized 

Oleic acid change 

change occurred 


but undetermined. For- 


— 
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order explain whether the chief cause activation the reaction 
the strong electric force the ultraviolet light produced thereby the 
gas bubbles the reaction tube, some experiments were carried out 
means ultraviolet light generator (Acme’s Sun Light), and was 
verified that the ultraviolet light had also the effect the like but the 
quantitative comparison has been matter very difficult. 


Summary. 


new method was devised apply extremely strong electric force 
gases and dielectric liquids, and accelerate their reactions. 

Using this method, many reactions between gases and liquids under 
the action strong electric force were studied. Thereby the effect 
temperature elevation and presence metallic powders (catalyser) were 
also studied. 

Inconnecting with the electric discharge some interesting phenomena 
were observed. 

The most part this experiment was carried out about four years ago 
(1925-26) the graduation thesis the Tokyo Imperial University, Faculty 
Science, under the guidance Dr. Yamaguti, whom the author 
expresses his best thanks. This sort experiments should continued 
the author, but his condition now give his hope for some time, 
and has been obliged write the report still its middle way. 


Chemical Institute, Faculty Science, 
Tokyo Imperial University. 


SORPTION AMMONIA CHARCOAL. 
Jitsusaburo SAMESHIMA. 
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The author studied the sorption phenomena and 
carbon dioxide, and concluded that the gas molecules enter into 
the molecular cavities the solid body and form homogeneous solid 


(1) Sameshima, this Bulletin, (1927), and Sameshima and Hayashi, Science Reports 
the Tohoku Imperial University, (1924), 289. 

(2) Sameshima, this Bulletin, (1929), 96. 

(3) Sameshima, this Bulletin, (1929), Chem. News, 139 (1929), 61. 


Sameshima. 


the present paper, the result investigation the sorption 
ammonia charcoal reported. The sorption amount charcoal 
ammonia was already measured numerous authors.” few reports are 
found the velocity sorption ammonia which, however, 
are not exact and the observations did not continued sufficiently long 
period time. 

The present experiment was undertaken, first, for the purpose 
compare the sorption amounts and velocities ammonia granular and 
powder charcoals, just reported the case carbon But 
the experiment, has been known that the sorption amount charcoal 
ammonia cannot measured exactly for the equilibrium state cannot 
attained even after several months. The measurement has been continued 
for six months, but the charcoal was still absorbing the gas considerable 
velocity. This very remarkable fact. almost impracticable 
measure the sorption amount ammonia charcoal exactly. 


Experimental. The apparatus and the method measurement are 
quite the same with those which were described already.” The charcoal 
has been made heating the pure saccharose from Merck porcelain 
crucible red heat and then transferred into quartz tube and again heated 
vacuo ca. 1000°C. for minutes. The ammonia was prepared from 
ammonium chloride and lime, and dehydrated potassium hydroxide, 
frozen and fractionated twice with liquid air. 


the experiment, 0.3550 gram charcoal has been used. The volume 
ammonia the apparatus has always been read after the tempera- 
ture charcoal was adjusted 25.00°C., and the pressure gas 
The volume gas absorbed can and then reduced 
that normal temperature and pressure. The results are shown 
Table 


(1) Hunter, Phil. Mag., (1865), 116; Chem. Soc., (1871), 76; Joulin, Ann. chim. 
phys., (1881), 398; Kayser, Wied. Ann., (1881), 526; 450; Chappuis, 
Wied. Ann., (1883), 21; Vaubel, Chem., (1906), Titoff, physik. 
Chem., (1910), 668; Hempel, Elektrochem., (1912), 724; Richardson, Am. 
Chem. Soc., (1917), 1828; Firth, Chem. Soc., 119 (1921), 926; Ruff, angew, 
Chem., (1925), 1164; Henglein and Grzenkowski, angew. Chem., (1925). 
1186; Magnus and Cahn, anorg. allg. Chem., 155 (1926), 205; Ruff and Hohlfeld, 
Kolloid-Z., (1925), Ruff and Roesner, Ber., (1927), 411. 

Giesen, Ann. Physik, (1903), 842; Pickles, Chem. News, 121 (1920), 25. 
Sameshima, this Bulletin, (1927), 
Sameshima, this Bulletin, (1927), and 246. 
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Table 


Apparent vo- Corrected vo- 

Time dura- lume NH, lume HN, 

Date tion fromthe absorbed mated 
0.3550 gr. blank experi- 0.3550 gr. 

D.H.M.S minutes charcoal charcoal 


1928, July 18, 


22.317 
24.345 
32.305 
34.120 


35.040 
35.937 
36.528 
36.846 
37.326 


37.578 
37.927 
38.681 
38.733 
39.032 


39.197 
39.416 
39.508 
39.591 
39.685 


17310 
39.912 
23270 39.993 
27450 40.082 
30225 


37485 40.249 
41805 40.313 
50550 40.419 
57780 40.518 
63360 40.575 


73550 40.666 
87885 40.790 
103910 40.960 
125290 41.084 
149950 41.233 


178760 41.347 
208980 

24, 229200 41.491 
1929, Jan. 28, 79460 


The charcoal the apparatus was heated 300°C. evacuating 
mercury diffusion pump for minutes. Then keeping the temperature 
charcoal 25.00°C., the gas was introduced into and the sorption began 


175 
10-31-16 1.27 0.01 32.29 
10-33-54 3.90 0.02 35.92 
10-40-50 10.83 0.045 36.483 
11-37 0.143 37.183 
12-50 0.196 37.382 
July 19, 10-10 0.325 38.356 
25, 11-50 10160 0.373 
30, 11-0 39.423 
Sept. 12-20 0.522 40.144 
17, 11-15 0.556 40.234 
28, 2-20 40.366 
Oct. 13, 10-40 40.440 
0.770 40.577 
0.841 40.586 
1.006 40.612 
| | 
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take place. The contaction charcoal and gas took place half past 
ten before noon July 18th, 1928. The observation continued, then, 
the end January 1929, extending more than six months. The first column 
Table shows the date and time, the second column the time duration 
minutes contact charcoal and gas, the third column the volume 
ammonia absorbed 0.3550 gram charcoal the manner 
described the fourth column the amount leak the apparatus 
estimated blank experiment which described below, the fifth column 
the corrected volume ammonia absorbed 0.3550 gram charcoal. 

After the sorption experiment charcoal had been finished, the blank 
experiment has been done without the charcoal, other conditions remaining 
unchanged. The blank experiment was continued three and half months 
shown Table 


Table 


from the begin- decreased c.c. 
ning minutes (N.T.P. 


The decrease volume ammonia the apparatus was read and 
shown the third column There was considerable decrease 
volume the first day observation, which probably due the 
sorption ammonia the glass wall and the grease the stop-cocks. 
From the third day forward (reading was not taken the second day) the 


(1) Sameshima, this Bulletin, (1927), 246. 


| 

Date 
11-58 0.067 

2-30 5930 0.352 
3-40 8880 0.359 

10, 1-10 13050 0.405 
15, 12- 20180 0.419 

19, 1-10 26010 0.414 
25, 2-20 34720 0.423 
Mar. 2-40 44820 0.456 
14, 4-50 59350 0.488 
28, 2-50 79390 0.532 
Apr. 12, 1-30 100910 0.582 
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amount decrease was nearly linear relation with time, being about 
per month. This may the leakage through the grease stop- 
cocks. 

Now the method least square applying the values below 3120 
minutes the table, obtain the following linear equation. 


0.350 


where denotes the volume leakage c.c. and the time minutes. 

The values below 0.357 (corresponds 3065 minutes) the fourth 
column Table have been calculated this equation, while those above 
0.332 (corresponds 1660 minutes) the same column have been obtained 
interporation from the leakage curve depicted the values 
Table 

Now putting the volumes 
gas sorped against the logarithms 
time obtain Fig. This 
nearly straight line. The values 
above minutes Table are not 
shown the figure, for this part 
does not lie the straight line. 

very remarkable fact that 
the charcoal absorbs ammonia for 
such long period. What the 
cause this phenomenon? Does 
chemical reaction takes place 
between charcoaland ammonia? 
described early literatures” 
that the carbon react with ammonia 
the elevated temperature form- 

log ing ammonium cyanide and hydro- 
gen: Thus, 


this reaction proceeds room temperature measurable velocity, 
however slow may be, the volume decrease. decide this 
point the following experiments have been undertaken. 

After the sorption experiment had been finished, the gas remaining 
the apparatus and that charcoal was pumped out and collected 
into gas burette using apparatus shown Fig. 


(1) Lieb. Ann., (1841), 62; Langlois, ibid., (1841), 64; Weltzien, ibid., 
132 (1864), 224. 
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the bulb containing charcoal, 
the burette measure the volume 
change ammonia and the niveau 
Tépler pump and gas burette. 
first the gas space, the Tépler 
pump well evacuated, and the 
burette filled with mercury. 
Then opening the stop-cock 
ammonia enters into which then 
transferred into elevating 
This repeated many times until 
most the gas, absorbed and un- 
absorbed, collects During this 
process the bulb heated 100°C. 
this manner, the volume gas 
collected was 46.3 c.c. N.T.P., 
while the ammonia initially introduced 
was 50.50 N.T.P. 

This gas was almost completely 
dilute sulphuric acid (0.2 n.) into the 
tube The gas remained unabsorb- 
sulphuric acid was only 0.3 was known, therefore, that there 
was hydrogen the gas. 

Now, the bulb was detached from the apparatus and the charcoal was 
transferred into glass tube, which was subsequently heated, evacuated, 
sealed and weighed. subtracting the weight glass tube, the exact 
weight the charcoal can known. The weight charcoal thus 
determined was 0.3541 gram. the charcoal initially taken for the 
experiment was 0.3550 gram, the loss only 0.0009 gram which can 
attributed the experimental error. 

Thus was ascertained that there was perceptible chemical reaction 
between charcoal and ammonia room temperature, and the slow decrease 
the volume ammonia must attributed some physical cause such 
diffusion sorption into the deep part charcoal body. 


Theoretical. The diffusion velocities substance, say gas, into solid 
bodies of. simple shapes are calculated. Let the quantity gas 


(1) Sameshima, this Bulletin, (1927), 
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absorbed the solid body definite surface area, the time, and 
etc. the constants. Then the diffusion into plate finite thickness 
given equation the following form.” 


similar using Fourier’s theorem, obtain formula for 
the diffusion into plate infinite thickness, thus, 


Moreover, can deduce the formula for the diffusion into sphere, 


All these formulas, however, are not applicable the values Table 
porous substance like charcoal has very complicated surface, the 
diffusion velocity may not calculated exactly. But any rate, the 
present case, there neither evidence nor numerical support the diffusion 
theory. 

Now the sorption theory will examined. Here means 
the entering the gas molecules into the molecular cavities and forming 
solid solution.” The entering gas molecules into relatively large open- 
ings among solid molecules are accomplished easily. the sorption 
process the main part gas finished relatively short time. the 
present experiment takes about one hour. About ammonia 
has been absorbed during this period shown Table This part the 
sorption curve cannot yet treated quantitatively. 

Then the gas molecules begin enter into more narrow cavities among 
solid molecules. The narrower the cavity, the greater the resistance. Let 
assume that the resistance encounters entering into narrow molecular 
cavity proportional the time required for it. Thus, 


R=at, 
where denotes the resistance, the time and constant. 


the other hand, may assume -that the velocity sorption 
inversely proportional the resistance, 


physik. Chem., (1910), 477. 
(2) Sameshima, this Bulletin, (1929), 127. 
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where the quantity gas sorped, and another constant. Therefore 
have, 


More precise explanation may necessary. Assume ammonia molecule 
attacks narrow channel enter itself, encountering great resistance. 
When the attack has been continued for minutes the molecule enters itself 
certain depth the solid. Namely, takes minutes for the dis- 
solution the ammonia molecule charcoal. Then has been clear- 
where another ammonia molecule can settles. This results the sorption 
one molecule ammonia. Thus the sorption velocity depends upon the 
dissolution velocity. 


Now the above equation integrated, 


where the integration constant. Using another constant have 
log t+k. 


the sorption amount, and the rogarithm time, log linear 
relation, which has been observed the present experiment shown 
Fig. 


Summary. 


velocity ammonia sugar charcoal has been mea- 
sured, extending over six months. 
was known that the charcoal absorbs ammonia for very long time, 
taking more than several months arrive the equilibrium condition. 
The sorption velocity from one hour forward can expressed 
equation. 
log t+k, 


where the sorption amount, the time, and and are the constants. 
The mechanisms sorption have been discussed. 
The sorption velocity depends upon the dissolution velocity 
ammonia molecules into the narrow molecular cavities charcoal. 


Chemical Institute, Faculty Science, 
Tokyo Imperial University. 
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